INTRODUCTION
The issue of soil treatment was always pertinent through the history of agriculture, and as a result, it has often been being controversial, especially when speaking of the soil treatment depth. There is no common opinion on the depth and time scales of the basic cultivation. Many authors after studying the methods of main soil treatment and their efficiency against weed infestation came to a conclusion that moldboard treatment is much better against weeds than nonmoldboard, minimal and zero-till treatments [1] [2] [3] [4] .
The problem of soil treatment is among the most current and the most controversial in agriculture. Mechanical soil treatment is the most common operation in agriculture and is essential for any crop cultivation [6] .
Crop yields largely depend of water-related and physical properties of soils, availability of nutrients to plants, weed infestation, previous crop cultivated in the field, duration of the vegetation period, methods of the main soil treatment.
Research objective: to assess the efficiency of main soil treatment in crop cultivation.
II. SUBJECTS AND METHODS
The research followed an approved method and the experimental design (Table 1) The soil is leached chernozem, heavy loamy by its granulometric composition, with morphological attributes which are typical for Western Siberia [6] .
Subject of research: batches of crops, leached chernozem.
In the batches of spring wheat, a tank mixture of herbicides was used against monocotyledon and dicotyledon plants: 
III. RESULTS
Not all the issues in soil treatment have found complete theoretical and practical resolution; this includes even several very pressing issues. The main ones of them are the issues of the method and depth of soil treatment. From the early days of agriculture, there are heated discussions on advantages of moldboard and non-moldboard, shallow and deep treatment methods. These issues are still unresolved. That is why development of optimal and rational systems for soil treatment is a timely problem [9] .
The combined system of soil treatment facilitated formation of higher yields in the studied crops in the crop rotation link [10] .
During the years of the research (2008-2016), on average, yields of annual grasses herbage varied in a range of 13.0-16.75 t/ha in the cases with the main soil treatment applied and in a range of 8.72-10.76 t/ha in the to-till cases. In the case of no-till since 1975, yield of the annual grasses is 2.04 t/ha lower than in the case of no-till since 2008 ( Table 2 ).
The yield of annual grasses decreased with decreased soil treatment depth, by 2.30 t/ha for the moldboard treatment, by 2.54 t/ha for the non-moldboard treatment and by 2.93 t/ha for the differentiated soil treatment.
During the nine years of research (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , the highest yield of annual grasses herbage at the value of 16.75 t/ha was obtained with the differentiated soil treatment for 20-22 cm, which is 1.25 t/ha higher than for moldboard treatment (control) and 1.21 t/ha higher than for the non-moldboard treatment.
During the years of research (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , average yield of spring wheat (the first year after fallow) was 3.04-3.35 t/ha for 28-30 cm treatments; for the soil treatment variants at 14-16 cm it was lower and amounted to 2.70-2.92 t/ha. When comparing the deep soil treatments with the shallow ones, yield of spring wheat is 0.34-0.43 t/ha higher, that is, decreasing the soil treatment depth led to decreased spring wheat yield.
At the no-till-since-1975 patch, the spring wheat yield was 1.12 t/ha lower than the control values; at the no-till-since-2008 patch it was 0.8 t/ha lower, the difference between no-till variants amounted to 0.32 t/ha. Compared to control (moldboard soil treatment), the shallow treatment variants show yields that are 0.19-0.41 t/ha lower.
During the years of research (2008-2016), average yield of the second year spring wheat on 20-22 cm moldboarded soil amounted to 2.94 t/ha; for non-moldboard treatment at 20-22 cm is was 0.66 t/ha lower than the control (moldboard plowing); differentiated soil treatment with alternating plowing and loosening in the crop rotation) showed the results that exceeded the control values by 0.21 t/ha.
The yield of spring wheat decreased with decreased soil treatment depth, by 0.32 t/ha for the moldboard treatment, by 0.32 t/ha for the non-moldboard treatment and by 0.35 t/ha for the differentiated soil treatment. At the patch that was in notill since 1975, the wheat yield was 1.07 t/ha below the control values; the patch in no-till since 2008 has shown the yield that is 0.79 t/ha lower than the control values.
Compared to the control values, the yield for the 12-14 cm soil treatment variants was 0.32 t/ha lower for the moldboard treatment, 0.38 t/ha lower for the non-moldboard treatment and 0.14 t/ha lower for the differentiated treatment, that is, reduction in the soil treatment depth actually leads to lower yields of the cultivated crops.
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Reduced yields when reducing the soil treatment depth and switching to no-till are explained by increased weed infestation of the batches and higher soil density, leading to lower water availability to the plants.
During the years of research, the highest average yield of the second after-fallow spring wheat was 3.15 t/ha; it was obtained with a differentiated soil treatment in the crop rotation (Variant 5 -loosening at 20-22 cm for the annual grasses and the second spring wheat; plowing 28-30 cm for the first wheat).
It should be noted, that yield of the spring wheat is higher in the first crop after seeded fallow.
The yield of the second spring wheat after seeded fallow is 0.17 t/ha lower than the yield of the first wheat after the seeded fallow in moldboard soil treatment condition (control, 20-22 cm), 0.06 t/ha lower than in non-moldboard cultivation, and 0.20 t/ha lower than in differentiated deep soil treatment.
In shallow soil treatment variants, the yield of the second spring wheat was lower than the first spring wheat, by 0.15 t/ha for the moldboard treatment, by 0.14 t/ha for the nonmoldboard treatment, by 0.20 t/ha for the differentiated treatment, and by 0.12-0.16 t/ha for the no-till variants.
Reduced yields when reducing the soil treatment depth are explained by a higher soil density and increased weed infestation of the batches, leading to lower water availability to the plants.
IV. CONCLUSION
The yield of spring crops largely depended on the depth of summer and autumn soil treatment, the maximum grain harvest was obtained under traditional soil treatment (3.70 t/ha), while under surface treatment and direct seeding it reduced by 0.34-0.51 t/ha [11] .
The research results are supported with referenced research, for instance: from the data obtained by D.S. Gusarov [12] , the yield of the first after-fallow spring wheat was higher than that of the second one.
Many scientists share the same opinion that under modern conditions the main type of soil in crop rotation shall be the differentiated one, providing an alternation (combination) of moldboard and non-moldboard methods, as well as that of deep, shallow and surface treatment [13] [14] [15] [16] [17] [18] [19] .
Currently, there are several soil treatment concepts. Alongside the supporters of the combined systems in crop rotation that includes a rational combination of moldboard, non-moldboard, surface and no-till treatments, there are supporters of systematic application of shallow, surface and even no-till method alone. The supporters of the second point of view justifiably point to advantages of such methods of treatment (savings in fuel and oil costs, high productivity, profitability of production), but often they conceal or deny some negative aspects of these methods. The arguments for such methods are references to experience of other countries or data obtained in various regions of Russia without employing a control variant. At that, features of the Russian agriculture are not taken into account: presence of heavy soils, infestation with weeds, and lack of necessary technological discipline in agricultural enterprises. The fact that application of such soil treatments in crop rotation would necessarily require using pesticides and fertilizers, which reduces the energy content of the resource-saving methods to the level of traditional plowing. All this is an evidence to the fact that improvement of soil treatment systems and methods is still an important problem for Russian agriculture, the problem that may not have a single solution [20] .
From analysis of the multi-year yield data for crops under grain-fallow crop rotation along the systems of main soil treatment, it is easy to see the efficiency of the differentiated soil treatment (alternation of plowing and loosening with crop rotation years and fields).
The results of the multi-year research show that reducing the soil treatment depth and abandonment of the main soil treatment lead to reduced yields of the cultivated crops, which is supported by the referenced research: «practical development first and scientific development second, revealed that with increased cultivation depth, the crop yield increases as well» [21] [22] [23] [24] .
Introduction of resource-saving methods of the main soil treatment often leads to a reduction of yield by 0.15-0.20 t/ha [25] .
Thus, the best results were observed for the differentiated main soil treatment when cultivating crops under a grainfallow crop rotation. The yield of annual grasses under these conditions exceeded the control values (moldboard soil treatment) by 1.25 t/ha, that of spring wheat by 0.24 t/ha (the first grain after seeded fallow) and by 0.21 t/ha (the second grain after seeded fallow).
